The increasing diversity of non-industrial private forest owners (PFOs) in Europe has been recognized by policy makers and the forestry sector at large. Typologies of these owners have been developed to provide an understanding of the diversity of owners' attitudes, values, beliefs, management objectives and behaviour. We analyzed PFO typologies from 28 European countries published from 1985 to 2015 in peer-reviewed journals and grey literature with respect to 1) research approaches and methods used; 2) typology objectives and problems addressed; 3) policy and management recommendations given. Using an on-line questionnaire we asked the first authors of the most relevant publications to retrospectively assess 4) the use of their typologies in education, science and forest policy. Most of the 66 publications reviewed share the common objective of providing a better understanding of forest ownership. Typologies were also developed to address roundwood mobilization, delivery of public goods, forest management approaches, involvement in PFO associations and entrepreneurship. The most common methodological approach was quantitative where owners were grouped by k-means clustering into 2 to 6 types and labelled with various names. Most frequently used labels were Multiobjective owners, Recreationists, Investors, Farmers, Indifferent owners, Conservationists, Multifunctional owners and Self-employed owners. Policy implications remain vague. The typologies had mostly been used in teaching and occasionally by politicians, civil servants or stakeholders. Only a half of the typologies had a follow-up study or was updated over time by the authors. After decades of classifying PFOs, it seems necessary to explore the link between typologies and forest owners' overt behaviour.
Introduction
In Europe, the number of private forest holdings and the area of private forests have increased remarkably since 1990 (Forest Europe, 2015; Živojinović et al., 2015) . One of the most apparent drivers of the expansion has been the structural changes in the European agricultural sector and the family farming system. In most of the European countries small-scale forest ownership has been historically associated with small-scale farming (Hogl et al., 2005) . However, the connection between farming and forestry is gradually dissolving, leading to a fragmentation of forest properties (either by sub-division of land or by joint ownership); alienation due to poor involvement of forest owners in forest management; and an increasing landowner detachment from the land, i.e. absenteeism (Kittredge, 2005) . In the period after 1990, a great deal of forest land in eastern and south-eastern European countries was subject to restitution and privatization (Živojinović et al. 2015) which have had major consequences for the current forest ownership structure.
The increasing diversity of private forest owners in Europe has also been recognized by policy makers and the forestry sector at large. In particular it has raised concerns about how intensively private forests are managed. In light of a growing demand for forest products including bio-energy, the mobilization of forest resources, particularly from the "under-used" private forests, has been put at the top of the forest policy agenda (Schmithüsen and Hirsch, 2010) . The societal expectations from forests and their owners to maintain the provision of services other than wood e.g. recreation, tourism, health and wellbeing, carbon sequestration, have also increased. The need to categorize forest owners according to actual or expected management behaviour led researchers to start building private forest owner (PFO) typologies, also referred to as non-industrial private forest owner (NIPF) typologies (Harrison et al., 2002) . Some of the typologies have been based on the structural attributes of forest owners and their properties, while others have focused more on ownership objectives and management behaviour. The idea of segmenting forest owners by building a typology has theoretical roots in the work of the pioneers of modern social science Max Weber and Émile Durkheim. Weber created a concept of an ideal type as a methodological tool for social scientists (Hekman, 1983) and Durkheim (1966) classified societies into social types using the concept of a social fact. In forestry, private forest owner classification was first introduced by Dietrich in Germany in 1931 as a tool to improve forest management. Abetz (1955) acknowledged the need to identify and pay attention to the mentality types of small-scale forest owners (Selter et al., 2009) . In Finland and Sweden, the categorization of forest owners started in the period of a domestic expansion of the forest industry and an increased demand for industrial roundwood (Lönnstedt, 1974; Reunala, 1974; Hänninen and Karppinen, 2010) when it became evident that all forest owners were not farmers. One concern put forward has been that since the non-farmers were no longer dependent on the income from their forests, they may threaten the continuity of the roundwood supply from private forests. The farmers on the other hand, had limited time to work in their forests although they needed forest income (Lönnstedt, 1974) . Thus, the interest in classifying forest owners based on structural attributes of their forest properties, timber sales and management behaviour, utilization of cutting potentials, and their need for external advisory and operational services has been gradually increasing (e.g. Lönnstedt, 1989; Karppinen and Hänninen, 1990) . Later on typologies based on forest owners' values and objectives have been developed; either using a theory-based qualitative assessment approach (e.g. Hugosson and Ingemarsson, 2004) or a market segmentation approach by which typical groups of owners have been identified and used, e.g. as explanatory factors in timber supply models (Kuuluvainen et al., 1996) .
Many researchers in Europe and also elsewhere, particularly in the US, have been aware that the fate of much of the nation's forests lies in the hands of this diverse and dynamic group of people and organizations (Butler, 2015) . Consequently, a lot of effort has been put into explaining private forest owner behaviour with different models. The reviews of the PFO /NIPF owner typologies (Emtage et al., 2007; Ní Dhubháin et al., 2007; Straka, 2011; Dayer et al., 2014) illustrate how perennial the problem of capturing the diversity of these people has been for decades. A vast majority of the typologies followed the quantitative market segmentation approach of Kuuluvainen et al. (1996) using a positivistic approach to elicit private forest owner objectives directly through a structured questionnaire (Boon and Meilby, 2007) . Boon et al. (2004) for instance identified five main forest owner types with regard to their management objectives: (1) 'economists', (2) 'multiobjective owners', (3) 'self-employed persons', (4) 'recreationists', and (5) 'passive/resigning owners. Some researchers tried to increase the wider applicability of their typologies and used only factors "directly observed in the field" (Hogl et al. 2005; 328) or those which are "readily accessible to typology users, i.e. forest policy makers through the information systems of public services" (Ficko and Bončina, 2013; 38) to explain the differences between forest owner types. The same rationale was used in the single criteria typologies such as typologies based on holding size, harvesting behaviour, self-employment, gender, number of owners, residence, and membership of forest owner associations (e.g. Lidestav and Nordfjell, 2005; Andersson et al., 2010; Pezdevšek Malovrh et al., 2015) . According to Emtage et al. (2006 Emtage et al. ( , 2007 the worldwide range of characteristics used as a basis for developing typologies can be grouped into the following seven factors; anthropological aspects, farming scale and occupation, wealth ranking, livelihood strategies, farming systems, farming style and attitudinal aspects. In a cross-cultural survey involving eight EU-countries Wiersum et al. (2005) identified four basic forest owner types: part-time owners, full-time (economically dependent) owners, retired owners, and owners who live far away from their properties (absentees). Examples of regional typologies in Europe are numerous; for a review of typologies based on entrepreneurship and ownership objectives see Ní Dhubháin et al. (2007) .
Departing from the multitude and diversity of the PFO typologies, the aim of this paper is to review the development of the PFO typologies in Europe with regard to: 1) research approaches and methods used aiming at a critical assessment of the role of methods for making inferences about private forest owners types; 2) objectives and policy and management problems addressed; 3) policy and management recommendations expressed; 4) the use of PFO typologies in education, science and forest policy.
Material and methods

Review of methods used in PFO typologies
The European PFO typologies published in international peer-reviewed journals and ranked by the Science Citation Index-expanded (SCI-expanded) or Social Science Citation Index (SSCI) from 1985 to 2015 were reviewed. The typologies were searched for in the Web of Science and SCOPUS online bibliographic databases with "private forest owner typology" or "forest owner type" in the topic, title, keywords or abstract. Once being among the hits, the paper was screened for relevance and verified whether it met the second criteria for inclusion, i.e. it should present a typology. A typology was defined as "a system used for putting things into groups according to how they are similar" (Merriam-Webster, 2016) . Papers only discussing the diversity of private forest owners but not identifying the typical groups (i.e. types), and those not based on original research, i.e. review papers and the metatypology by Blanco et al. (2015) , were excluded from the methodological review, which resulted in a collection of 30 original research papers.
The time period 1985-2015 was set as the late 1980s cover a period before major political and economic changes in East Europe and at the same time reflect the era after the economic restructuring of the primary sector (agriculture, forestry and fishing). To check for additional papers on PFO typologies not included in the bibliographic databases, we carefully reviewed references in the literature retrieved by the search engines and added the typology papers previously not found in the bibliographic databases to the literature list. The final number of typologies reviewed with respect to the methods does not include the typologies published in journals with no impact factor, professional journals, conference proceedings, master and PhD theses and nonEnglish publications.
After making a list of typology papers, we read them and classified them as quantitative, qualitative or mixed-methods typology according to main research approaches used (Creswell, 2003) . We continued with a review of data collection and analysis techniques and noted the reported sample size and the response rate. Due to the contrasting interpretation of the sample size (e.g. sometimes defined as the target number of respondents in a survey and sometimes as the realized sample or the realized sample without missing data), we decided to use our own definition of the sample size as the final number of forest owners classified after conducting a data quality check, filtering out missing data or data imputation. Similarly, due to inconsistent reporting of the response rate, we manually calculated it (where not reported) as the proportion of the total number of forest owners targeted that were used for typology building. Thus for some papers our calculations of response rates may deviate from the rates originally reported.
To visualize the diversity of private forest owners in Europe we assembled all the labels that private forest owners were given in the typologies and copied them to the word cloud generator Wordclouds (2016) . The generator uses a simple algorithm; the more a specific word appears in a text, the bigger and bolder it appears in the word cloud. The words "private", "forest", "owner (s)" and "goal" and the common words such as articles and prepositions were put on the stop list.
Given the prevalence of the quantitative approach in the PFO typologies we reviewed quantitative typologies with regard to statistical tests used for the owner segmentation, identification and validation. Furthermore, we analyzed whether and in what way researchers accounted for uncertainty in survey responses and owner segmentation and whether the balance of a measurement scale was considered.
Content and impact analysis
In order to understand the diversity of private forest owners and to interpret forest owner types more deeply, we expanded the data set obtained from the bibliographic database search (see Section 2.1) by including more general and non-English literature on private forest owner classifications. A major source for grey and non-English literature was the Country Reports prepared within the European COST Action FP1201 (FACESMAP) 1 in which the COST delegates and other experts from the 28 countries described the most important publications on private forest owners in their country. The data set for the content and impact analysis thus included also grey literature published in national languages, master and PhD theses and various reports to ensure a good range of private forest owner classification studies. Each publication cited in the Country Reports was first assessed as to whether it was a typology or a piece of more general literature on private forest owners. Key words such as typology, behaviour, motives, objectives, values, and goals were used as selection criteria. In the country reports, in total 53 papers from 16 2 European countries, covering the period from 1985 to 2015, met the criteria for the content and impact analysis. Thirteen typologies identified in the online bibliographic database search were not referred to in the country reports. These 13 3 typology papers were added to the 53 papers. Thus altogether 66 publications were reviewed to identify the objectives and policy and management problems addressed therein. For this purpose seven categories were developed: i) Heterogenity of private forest owner objectives and behaviour due to lifestyle change; ii) New forest owners due to land/land use reforms/policies; iii) New societal/public good demands (ecosystem services); iv) Timber mobilization and improved management including risk; v) New business opportunities and entrepreneurship; vi) How to reach, support and steer private forest owners with less regulations and "aid" (by governance); and vii) Typology making method/research. All the 66 papers from the bibliographic database search and the Country Reports were reviewed to determine whether the authors gave specific policy recommendations for each owner category. If no reference was made as to how the identification of the owner types might inform policy or where only a general recommendation that policy/ extension needs to take into account the diversity in owners these were classed as having "general/no recommendation". Where the authors gave specific recommendations for each type of owner as to how policy might be changed this was classed as a "specific recommendation". For a subset of papers the authors were contacted to determine if they agreed with our assessment, as a form of triangulation.
Finally, an on-line questionnaire was sent to the first authors of the 66 papers to assess whether and how the recommendations given in the literature have been used by policy-makers and main stakeholders. The authors were asked to retrospectively assess their typologies and recommendations. The questionnaire consisted of questions about the author's personal opinion on the use of the typology, the evidence of the use of the typology in science and practice (citations in scientific papers, modes of use of the typology by politicians, civil servants, domestic stakeholders or media, use of the typology in teaching) as well as the potential update of the typology over time. The survey took two months, after which 30 authors returned 36 questionnaires in which they assessed the impact of their typologies. In order to avoid bias in the interpretation of the impact due to a low response rate (54.5%, 36 papers), the citation analysis was done for all papers using the Google scholar database. We used Google scholar because some of the publications such as doctoral theses were not published in scientific journals and their impact cannot be tracked by scientific citation databases. The number of citations per year was calculated (mean value) to indicate the use of the typology in the scientific networks.
Results and discussion
Methodological approaches
Since Kuuluvainen et al. (1996) introduced the quantitative market segmentation approach (Smith, 1956 ) into private forest owner research, the PFO typologies have become a popular tool in explaining the diversity of private forest owner behaviour. Almost three quarters of the PFO typologies in Europe were based on a quantitative approach, 17% were qualitative and 10% used mixed methods (Table 1 ). In collecting the data the researchers mostly relied on postal surveys (43%), personal interviews (37%) and a combination of methods (13%). Sample size used to build a typology varied from approximately 30 forest owners in typologies based on qualitative and mixed methods (e.g. Lönnstedt, 1997; Hugosson and Ingemarson, 2004; Hujala et al., 2009 ) to more than 1000 in quantitative typologies (e.g. Favada et al., 2009; Kuuluvainen et al., 2014) . In quantitative surveys, the sampling design and the representativeness of the sample were often not adequately described. For instance, information on the margin of sampling error was mostly missing and the description about what the response rate reported in the paper refers to was often unclear.
By grouping the owners with partitional clustering algorithms such as k-means clustering or recursively dividing them into smaller clusters of a hierarchical structure according to their (dis)similarity in the studied attributes (some typologies used both algorithms), researchers typically aimed to identify a certain number of clusters which should exhibit two properties, external heterogeneity and internal homogeneity (Table 2) . However, the justification of how the number of clusters in k-means clustering was determined is missing in some typologies, although the a priori specification of the k is considered to be one of the biggest drawbacks of k-means clustering (Punj and Stewart, 1983) . It seems that the decision on the k was mostly driven by practical consideration that the solution should give the most interpretable result (i.e. not too little and not too many clusters) and that many clusters with only few observations weakly differing from each other are not meaningful. Some typologies used an alternative approach; Urquhart et al. (2012) used Q methodology in a combination with factor analysis. Further, Ficko and Boncina (2013) introduced probabilistic clustering arguing that all private forest owners are in principle multiobjective and that the degree to which a forest owner incorporates multiple objectives in his/her management strategy can be represented with probability. Some concerns about labelling private forest owners as multiobjective forest managers were based on ideological origins of ownership objectives. Takala et al. (2017) found that forest owners' general appreciations are often interpreted as actual objectives, resulting in an overly multi-objective impression of forest owners. A recent evaluation of PFO typologies in the USA (Butler et al., personal comm.) failed to find any theoretical or empirical evidence for the existence of discrete groups of private forest owners, and instead found that family forest ownership objectives exist across a multidimensional continuum. Few papers included a critical assessment of the methods applied. Meilby and Boon (2004) examined the sensitivity of a forest owner typology to the choice of statistical model. Selter et al. (2009) compared the multiple criteria-derived typology produced by the cluster analysis with the more traditional stratification of private forest owners by single criteria and concluded that multivariate statistical methods outperform the single criteria methods. Čabaravdić et al. (2011) experimented with four clustering methods and eight clustering variables and, not surprisingly, found that different clustering variables and different clustering methods resulted in different clusters of owners. Hujala et al. (2013) cross-tabulated the typology based on ownership objectives with the typology of decision-making styles. Strengths, weaknesses, opportunities and threats of using the Frequentist versus the Bayesian approach in private forest owner segmentation have been analyzed by Ficko and Boncina (2013) . Some researchers tried to increase the validity of the typologies by filtering out the "I don't know" answers (e.g. Hujala et al., 2009; Hallikainen et al., 2010) , or by paying attention to the sensitivity of the results under different data imputation regimes (e.g. Korhonen et al., 2012) and detecting of and correcting for systematic tendency of respondents to agree with the items in the questionnaire (Ficko and Bončina, 2014) . Some empirical comparisons of the survey results obtained by different methods highlight the effects of subjectivity in the interpretation of surveys. Eyvindson et al. (2015) for instance compared the Q method with the traditional statistical analysis of the Likert-scale survey method, and discussed practical differences from the perspective of qualitative interpretation.
The researchers usually divided private forest owners into 2 to 6 types and labelled them with various names. Altogether we identified 124 labels that were given to European private forest owner types illustrated by a word cloud (Fig. 1) . Private forest owners were most commonly named as Multiobjective owners (7 times), Recreationists, Investors and Farmers (6 times each), Indifferent owners (5 times), and Conservationists, Multifunctional owners and Self-employed owners (4 times each). More specific and less frequent labels included for instance Small-towners, Custodians or Ad hoc owners. Qualitative but also some quantitative typologies labelled the types in a more descriptive way such as Owners with formal economic goals, Owners with substantial trust in professionals or Owners non-executing bush cleaning and internalizing harvesting. It remains unclear whether these labels adequately describe the diversity of private forest owners in Europe or just reflect the authors' adherence to the rule of scientific publishing that only issues of broader relevance for the discipline are worthy of publishing. It is likely that locally specific private forest owner types and "private forest owner provenances" remain hidden in the non-English publications.
Despite being rigorous in the analysis, the typologies based exclusively on cluster analysis cannot fully describe the diversity in forest ownership. By adding qualitative data from key informants and focus group interviews the intuitive typology as a refinement and extension of the typology derived from cluster analysis can be derived (van Herzele and van Gossum, 2008) . When using professional foresters as key informants on forest owners, it should be kept in mind that their information is likely to be biased as it relies primarily on the owners they know (van Herzele and van Gossum, 2008), i.e. the more active and more well-informed owners (c.f. Kindstrand et al. 2008) . Furthermore, the intuitively derived owner types may not always fit neatly into statistical categories. The heterogeneity and even conflicting opinions about the desired management may only be revealed by refining the cluster analysis-based typologies. Furthermore, typology building should not be regarded as a static exercise because ownership objectives develop along with the owners' perception of the circumstances within which they find themselves and, therefore, are open to reconstruction and change (van Herzele and van Gossum, 2008). Kuuluvainen et al. (1996) 3-point Likert scale includes "I don't know" category Pearson chi-square tests Urquhart and Courtney (2011) Not applied PCA Hierarchical clustering (algorithm not specified), non-hierarchical clustering (algorithm not specified)
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Step-wise discriminant analysis (the Mahalanobis Model fit statistics, statistical tests for differences between forest owner types, validation techniques, sensitivity analysis, as reported in the papers.
Problems addressed and objectives of the typology
The substantive analysis of 66 PFO typologies and related literature on private forest owners in Europe revealed that the number of studies dealing with typologies has increased over time, as has the number of countries these studies draw on empirically. From 1987, until the turn of the century, only 7 publications have been recorded whereof one from France, two from Finland and four from Sweden. The number of publications from East/Central European countries has increased in the last 10 years, probably as a consequence of privatization and an increase in the number of private forest owners. For the entire period studied 20% of the identified publications refer to East-Central Europe, compared to 32% for West European countries, 36% for the North European countries and 6% for South European countries. The remaining 6% represent comparative studies (Table 3 ).
At a most basic level the overall objective of research work dedicated to developing typologies was to categorize forest owners into types. In general the catalyst for this work was the recognition that private forest owners are not a homogenous group and that it is important to understand this heterogeneity better through generating subcategories of owners. Thus the typologies reviewed in this paper share this common aim, i.e. to provide a better understanding of forest ownership and the skills needed to reach and guide the various types of owners without tightening regulative measures. However, the specific themes/problems addressed varied and has expanded in recent years. The earlier studies focused on the need to enhance roundwood mobilization; more recently the public demand for ecosystem services has often been the impetus for the typologies. Typical issues addressed since 1987 have been heterogeneity of private forest owners due to lifestyle change (34 publications), timber mobilization (20 publications), and how to reach and steer private forest owners without regulations/by governance (37 publications). From 2000, new societal/ public demands for ecosystem services (12 publications), and the typology methodology (12 publications) were introduced as themes. The issue of new forest owners due to land/land use reforms first appeared in 2004 and since then 9 publications have been identified. Yet, many publications address more than one issue, and as expected, the heterogeneity of forest owners in combination with how to reach and steer private forest owners by governance is the most frequent (18 publications). The "governance" issue is also frequently raised in combination with new forest ownership due to land/land use reforms, new societal/ public good demands, and timber mobilization (Table 3) .
Just over one quarter of the papers reviewed provided specific policy recommendations for each owner type identified. These tended to those papers dealing with issues such as how to reach and steer PFOs without regulations/by governance to deliver timber mobilization or public goods.
Utilization of study results
From the survey sent to the authors of the PFO typologies, we found out that the most of the typologies have been used by politicians, civil servants or other domestic stakeholders (13 responses of 30). Six authors considered that their typology has been used often and 3 were under the impression that no stakeholder had ever used it. Eight authors of the typologies could not assess whether their typology had been used or not.
Approximately half of the respondents (14 authors), indicated that they had been cited less than ten times by the domestic and international scientific community. Eight authors thought that there were more than 30 citations. A cross comparison with the citation number from Google scholar showed that authors assessed the level of citations correctly. The average number of citations during the years showed that 6 publications were cited more than seven times per year, 7 were cited five to seven times a year and 13 publications were cited three to five times a year. The remaining 38 publications were cited less than three times, with 11 not cited at all.
The typologies were most often referred to in congresses, seminars or fairs (13 cases). They were also quite often mentioned in national media (8), official policy documents (8) and policy documents of stakeholders (8). To some extent the typologies appeared to be referred to also in national policy programs and strategies (4 cases). The responses were quite evenly distributed as regards the question of the impact of typologies on practice. Of 24 respondents to this question 4 considered that their ideas have been directly used in practice, for instance, in forestry extension and 6 felt that their ideas have had some impact on practice. Four had not observed any impact on practice and 10 could not assess the issue.
The typologies had mostly been used in teaching, for example at the academic level (23 of 30 responses). Direct utilization of the typology in practice was possible in one case because the author was a secretary of a parliamentary commission. In another case, an opinion poll of private forest owners provided material for the development of a Forestry Extension Service in order to design extension materials for forest owners and training programs for extension staff. Some typologies were used as a part of background information when the products, services and marketing strategies for different forest owner segments were designed. Additionally, some study results have been used by stakeholders in connection with wood mobilization and by female forest owners' networks. However, it remains unclear what concrete implications the typologies had for the success of the various products and services offered by forest policy since only half of the typologies (53%) had been followed-up or updated over time by the authors. Seventeen respondents indicated that some typologies from their countries were not in the provided list.
Conclusions and recommendations
Classifying individuals into categories according to how similar they are to each other in their behaviour and socio-demographic attributes has multiple functions depending on the aim of the research. If the aim of generating typologies is to see how private forest ownership is changing over time in a region or between regions, it seems that monitoring structural attributes such as gender, age and property size would be the simplest approach. The use of attributes which are simple to measure facilitates the detection of regional and temporal changes in A. Ficko et al. Forest Policy and Economics xxx (xxxx) xxx-xxx A. Ficko et al. Forest Policy and Economics xxx (xxxx) xxx-xxx the ownership. The advantage of such an approach is that it allows changes in the structure of forest ownership across Europe to be monitored over time and allows regional variation to be measured. Typologies based on owner values, attitudes and objectives are a more nuanced approach to understanding ownership diversity. However, such typologies are more difficult to compare temporally and regionally. It has to be kept in mind that typologies may only capture the most salient motivations for ownership. Private forest owner types can be, to some extent, compared to ideal types in a Weberian sense (Hekman, 1983; Giddens, 2001 ). These are theoretical concepts which can be useful in practice but they never correspond exactly to empirical cases. Moreover, the types identified by cluster analysis can be compared only by the semantic similarity of the labels given to clusters and their attributes. Comparisons across countries are even more difficult due to different understanding of forest management or interpretation of the private forest owner types (Feliciano et al., 2017) .
The analysis showed that except for the concept of customer segmentation originally coming from marketing research (Smith, 1956) there have been little efforts to find other theoretical foundations for making the PFO typologies. New frameworks for describing private forest owner behaviour such as life cycle effects, cohort differences, and period-specific events (Butler et al., 2017) may offer a fresh look on the diversity and dynamics of private forest ownership. Alternative theories of human behaviour, such as the Theory of Planned Behaviour (Ajzen and Madden, 1986; Ajzen, 1991a,b) , or an older framework of "bounded rationality "by Simon (1959) and even universal value theories (e.g., Schwartz, 1992 ) may be useful theoretical basis for empirical PFO typologies.
The reasons why the typologies were so similar in methods and conclusions could be the lack of a broad spectrum of theoretical foundations for developing private forest owner types. The other possible reason could also be relatively rare use of the confirmatory approach. The confirmatory approach does not only require stronger involvement of theories from social sciences but it also enables more specific and complex hypotheses to be formulated.
Assessing the usefulness of typologies proved to be more challenging than expected. To begin the analysis a definition of "usefulness" is required, which in turn leads to additional questions. Was a typology useful only if accompanied by specific recommendations by the authors for each type of owner defined? Was a typology only useful if it had been used by policy makers or had been used in lectures? Was a typology useful only if it could be replicated regionally or replicated temporally? What we learned was that the answer to all these questions was context-specific and fundamentally based on what was the role of "labelling".
Whether or not a typology should be accompanied by "owner type" specific recommendations is often influenced by the objective of the study. If the major objective is to report on the heterogeneity of private forest owner often in conjunction with the focus on the potential consequences of such heterogeneity for wood mobilization there is no need per se to provide type-specific recommendations but rather to highlight the need for policy, extension, and governance to be cognisant of that heterogeneity. If the focus is on how to reach, support and steer forest owners typologies should be accompanied by specific policy recommendations. However, only a minority of studies gave specific policy recommendations. These were generally typologies that were created for a specific purpose, for example, to achieve the delivery of public goods (e.g. Urquhart et al., 2010) or delivery of alternative forest management approaches (e.g. Bieling, 2004) . The relatively low numbers of citations suggests that also the scientific visibility is relatively low; it could be improved by publishing in high quality scientific journals.
A general recommendation for making PFO typologies more useful is that variables for explaining the differences between private forest owner types should be rather basic and readily accessible to policy makers through the information systems of public services or easily acquired via a cost-effective survey. The often followed statistical approach where the explanatory model fit is trying to be increased by including all variables at hand can explain more variability in the model but the more variables included in a model the more dependent the model becomes on the observed data. A more parsimonious model enables the identification of members of a certain private forest owner type in practice without additional data collection.
Finally, what is of key importance for the future of private forest ownership is not so much trends in gender, age or management objectives of owners but rather how these changes influence private forest management (e.g. Mozgeris et al., 2016; Feliciano et al., 2017) . Typologies based on structural variables or values and objectives are of limited use when it comes to predicting owner behaviour. The generalizations provided in the typologies can explain the dissimilarities between private forest owners but they cannot predict changes. In order to be realistic and useful in practice, typologies should be linked directly with forest owners' overt behaviour (e.g. Kuuluvainen et al., 1996 Kuuluvainen et al., , 2014 . After decades of classifying forest owners, it seems necessary to move away from making snapshots and start making movies about the private forest owner's future.
